We present spatially resolved Atacama Large Millimeter/submillimeter Array (ALMA) [Cii] observations of the z = 4.7555 submillimetre galaxy, ALESS 73.1. Our 0 ′′ . 5 fwhm map resolves the [Cii] emitting gas which is centred close to the active galactic nucleus (AGN). The gas kinematics are dominated by rotation but with high turbulence, v rot /σ int ∼ 3.1, and a Toomre Q parameter <1 throughout the disk. By fitting three independent thin rotating disk models to our data, we derive a total dynamical mass of 3±2 × 10 10 M ⊙ . This is close to the molecular gas mass derived from previous CO(2-1) observations, and implies a CO to H 2 conversion factor α CO <2.3 M ⊙ (K km s −1 pc 2 ) −1 . The mass budget also constrains the stellar mass to <3.1× 10 10 M ⊙ , and entails a gas fraction of f gas 0.4. The diameter of the dust continuum emission is <2 kpc, while the star-formation rate is as high as 1000 M ⊙ yr −1 . Combined with our stellar mass constraint, this implies an extreme specific star formation rate >80 Gyr −1 , especially since there are no clear indications of recent merger activity. Finally, our high signal-to-noise [Cii] measurement revises the observed [Nii]/[Cii] ratio, which suggests a close to solar metallicity, unless the [Cii] flux contains significant contributions from Hii regions. Our observations suggest that ALESS73.1 is a nascent galaxy undergoing its first major burst of star formation, embedded within an unstable but metal-rich gas disk.
Introduction
The [Cii] λ157.74 µm line is a powerful alternative line to 12 CO for studying the interstellar medium in high-redshift galaxies (e.g. review by . The [Cii] line arises predominantly from photodissociation regions (PDRs) associated with star-forming regions; other contributions come from diffuse Hi clouds, low-density warm gas, or denser Hii regions (e.g. Madden et al. 1997) , and possibly from shock enhancement (e.g. Appleton et al. 2013 ). In the most active systems, [Cii] is the dominant cooling line, representing ∼ 0.1-1% of the total luminosity (e.g. Stacey et al. 1991) . This luminosity means that [Cii] has significant promise as a route for determining redshifts of even the most obscured systems (Swinbank et al. 2012b; Weiß et al. 2013 ).
Until recently, [Cii] has remained relatively unexplored in the local Universe as its rest-frame wavelength requires balloonborne or space-based observations. However, Herschel/PACS observations have now begun to provide spatially resolved [Cii] maps at scales of 0.1-1 kpc in nearby galaxies (e.g. Beirão et al. 2012; Parkin et al. 2013 ). These observations show significant variations in the line and continuum ratios involving [Cii] due to a range of physical processes including changes in the ionisation mechanism, gradients in metallicity or radiation field strengthshinting at the potential diagnostic power of this line.
Ironically, [Cii] observations from the ground are easier at z > 1 as the line is redshifted into the submillimetre atmospheric windows. Over the past decade, [Cii] detections have been reported in an increasing number of galaxies at z = 1-2 (Hailey- Stacey et al. 2010; Ferkinhoff et al. 2013) , as well as more distant z > 2-6 systems (Maiolino et al. 2005 (Maiolino et al. , 2009 Iono et al. 2006; Wagg et al. 2010; Ivison et al. 2010; De Breuck et al. 2011; Cox et al. 2011; Swinbank et al. 2012b; Venemans et al. 2012; Riechers et al. 2013; Rawle et al. 2013; Neri et al. 2014) . The first of these high-redshift [Cii] detections were made in powerful quasars. These observations seemed to confirm the trend seen in local galaxies, where the most luminous far-infrared sources (L FIR > 10 11 L ⊙ ) have a ratio of [Cii] to far-infrared (FIR) luminosity L [CII] / L FIR that is lower by about an order of magnitude (e.g. Luhman et al. 1998; Díaz-Santos et al. 2013) . However, subsequent observations of a larger sample of powerful farinfrared sources, less-dominated by powerful active galactic nuclei (AGNs), revealed that the many high-redshift sources show [Cii] lines with similar L [CII] /L FIR ratios to those of nearby normal galaxies ).
A&A proofs: manuscript no. CII By comparing the 12 CO, [Cii] and far-infrared luminosities in a sample of z = 1-2 galaxies, Stacey et al. (2010) showed that star-formation dominated systems have similar L [CII] / L FIR to local (lower-luminosity) normal galaxies, while AGN dominated systems have lower ratios, as seen in local ultra-luminous infra-red galaxies (ULIRGs). In terms of PDR models (e.g. Kaufman et al. 1999) , both classes are interpreted as having kpcscale emitting regions, but the AGN-dominated sources appear to have an order of magnitude more intense far-UV radiation fields.
Luminous, high-redshift star-forming galaxies (submillimetre galaxies; SMGs) rather than quasar hosts are ideal targets to study the ISM of distant, luminous galaxies free from the influence of AGN. Although some SMGs contain luminous AGNs, it is clear from deep X-ray studies that in ∼ 85% of SMGs, the AGN does not dominate the bolometric luminosity (Alexander et al. 2005; Georgantopoulos et al. 2011) . Indeed for the less luminous SMGs the X-ray emission potentially originates from star-forming processes rather than an AGN (e.g. .
In this paper, we present new ALMA observations which spatially resolve the [Cii] emission around an SMG at z = 4.76 in the Extended Chandra Deep Field South (ECDFS): ALESS 73.1 (also known as LESS J033229.4−275619 or XID 403). This galaxy was originally identified as a compact, high-redshift AGN (Vanzella et al. 2006; Fontanot et al. 2007 ) and also a faint X-ray source from the Chandra observations of ECDFS (Gilli et al. 2011 ) and was then detected as the most likely counterpart of a luminous submillimetre source in the LABOCA survey of ECDFS by Weiß et al. (2009) . Its properties, including both 12 CO, [Cii] and [Nii] gas emission, were studied in a series of papers (Coppin et al. 2009 (Coppin et al. , 2010 Biggs et al. 2011; Wardlow et al. 2011; De Breuck et al. 2011; Nagao et al. 2012; Gilli et al. 2014) . Subsequent higher-resolution ALMA continuum observations by Hodge et al. (2013) provide an unambiguous identification of the z = 4.76 source as a luminous SMG. Our new ALMA observations map the spatial distribution and kinematics of the [Cii] and rest-frame far-infrared emission within this system on ∼ kpc scales, providing new insights into the structure of the most vigorous starbursts seen in the SMG population.
Throughout the paper, we assume H 0 = 73 km s −1 Mpc −1 , Ω m = 0.27, and Ω Λ = 0.73, indicating a scale size of 6.4 kpc/ ′′ at z = 4.76.
Observations

ALMA
The ALMA observations of ALESS 73.1 were obtained on UT 2012 July 18 and 27 in the compact Cycle 0 configuration, with 23 antennas covering baselines between 18 m and 402 m. We used the Band 7 receivers with the four basebands centered at 317.20, 319.07, 329.54, and 331.11 GHz. The [Cii] line was covered in the last two basebands to provide redundancy 1 , while the other basebands covered continuum emission. The correlator was used in the frequency domain mode with a bandwidth of 1875 MHz (488.28 kHz × 3840 channels per baseband). The 1 As the real [Cii] frequency turned out to be offset by 120 MHz from the expected frequency predicted from the previous APEX observations of De Breuck et al. (2011) , the line was not well centred in the overlap region between the basebands. However, in hindsight, this overlap was not required, so this does not affect our data quality. 4.755 ± 0.001 2 z [CII] 4.7555 ± 0.0001 3 z [NII] 4.7555 ± 0.0002 4 I [CII] 7.42 ± 0.35 Jy km s −1 3 L [CII] 5.15 ± 0.25 × 10 9 L ⊙ 3 L 8−1000µm
5.6 ± 1.5 × 10 12 L ⊙ 5 ∆v [CII] 161 ± 45 km s Coppin et al. (2010) ; (3) this paper; (4) Nagao et al. (2012) ; (5) Swinbank et al. (2014) .
(a) Deconvolved fwhm .
total time on target was 1.62 h. The bandpass and gain calibrators were J 0522−364 and J 0403−360, respectively; the fluxes were calibrated with Pallas, Neptune, and Callisto. The observations were obtained in good weather conditions with precipitable water vapour between 0.6 and 0.75 mm. The data reduction followed the standard procedures in the Common Astronomy Software Applications (casa) package (Petry & CASA Development Team 2012 ). We applied a 22 channel (24.85 km s −1 ) binning to the data cube, and cleaned it using natural weighting, which provides a final synthesized beam size of 0 ′′ . 65 × 0 ′′ . 40 at position angle of 91
• . To search for spatially extended [Cii] and continuum emission, we also made maps with robust = 0.5, providing a resolution of 0 ′′ . 56 × 0 ′′ . 38 (see Fig. 1 ). In the remainder of this paper, we only use the higher signal to noise ratio (SNR) natural weighting data. To derive continuum maps, we summed all line free channels in the lower and upper sidebands separately, resulting in two continuum maps at 318.13 and 330.34 GHz, with bandwidths of 3.78 and 3.44 GHz, respectively (see Table 1 ). We also made a combined 318.13 + 330.34 GHz continuum map, which reaches an rms noise level of 0.15 mJy.
APEX
After the upgrade of the backend of the Swedish Heterodyne Facility Instrument (SHFI; Vassilev et al. 2008 ) on APEX 2 , we re-observed the [Cii] line in ALESS 73.1 on UT 2013 July 10 to 13 (ESO programme 092.A-0668). The two 2.5-GHz wide units of the Fast Fourier Transform Spectrometers now cover the full 4 GHz IF bandwidth of SHFI, allowing a much improved baseline subtraction compared to the original observations reported by De Breuck et al. (2011) . The data were obtained in good to excellent observing conditions with a precipitable water vapour content of 0.16-1.05 mm. The total integration time on source was 4.8 h, and the data were reduced using standard procedures in the Continuum and Line Analysis Single-dish Software. (Grogin et al. 2011; Koekemoer et al. 2011) . The HST emission traced by is dominated by an unresolved point source, consistent with AGNdominated rest-frame UV-optical emission, with no clear host galaxy visible. Both the [Cii] , which is spatially resolved in our ALMA observations at ∼ 0 ′′ . 6 resolution, and the spatially-unresolved continuum emission (see Fig. 3 ) peak on the position of the optical/near-infrared source within 0 ′′ . 2, indicating that the AGN lies close to the centre of the far-infrared emission. The contour levels are −3, 3, 5, 10, 15, 20, 25 , and 30 σ, where σ=7.5 mJy km s −1 . Table 1 lists the derived parameters from our ALMA data. The velocity-integrated [Cii] line is detected at a significance level of 22σ ( Fig. 1) , and is spatially resolved with a deconvolved fwhm size of 0 ′′ . 64 (4.1 kpc) with the position angle unconstrained. The integrated line flux is only half the intensity originally reported by De Breuck et al. (2011) . Figure 2 , however, shows that the new APEX observations with an rms=16 mJy in 80 km s −1 channels do not detect the [Cii] , which is consistent with the ALMA data. The [Cii] , 12 CO(2-1), and [Nii] redshifts are now all consistent within the uncertainties (see Table 1 ), suggesting they are originating from gas with the same bulk motion. We therefore adopt the [Cii] redshift z=4.7555 as the systemic (barycentric) redshift and zero-point of all velocities quoted in this paper.
Results
Integrated [Cii] and continuum emission
We also compared the velocity structure of the [Cii] and the [Nii] data from Nagao et al. (2012) by making velocity slices along the major axis of the data cube of both datasets. The results are consistent, though a detailed analysis is not possible due to the limited SNR and spatial resolution of the [Nii] data. We ascribe both the different [Cii] flux level and the velocity shift reported by Nagao et al. (2012) to baseline subtraction problems in the 3 × narrower bandwidth APEX spectroscopy of De Breuck et al. (2011) .
The greyscales in Fig. 3 show the combined 318.13 + 330.34 GHz continuum image, with a synthesised beam size of 0 ′′ . 64 × 0 ′′ . 44. We very marginally spatially resolve the continuum emission; the deconvolved fwhm size is 0 ′′ . 29 ± 0 ′′ . 06 (1.9 ± 0.4 kpc), with the position angle unconstrained. To align the HST and ALMA images, we first mapped the BVR images from the MUltiwavelength Survey by Yale-Chile (MUSYC; Gawiser et al. 2006 ) onto the ALMA astrometry from the ALESS survey (see §2.2.1 of Simpson et al. 2014) . We then translated this new MUSYC astrometric solution to the HST images obtained as part of the Cosmic Assembly Nearinfrared Deep Extragalactic Legacy Survey (CANDELS) images (Grogin et al. 2011; Koekemoer et al. 2011) . The rms offset between the HST, MUSYC, and ALMA astrometry is 0 ′′ . 2, where the uncertainty is mainly due to the use of galaxies rather than stars for the alignment. We find that the ALESS73.1 dust continuum detection is offset by 0 ′′ . 22 from the HST F160W identification, corresponding to ∼1σ compared to the astrometric accuracy. The HST image is itself spatially unresolved at 0 ′′ . 20 (1.3 kpc) resolution (Koekemoer et al. 2011) . Hence both the rest-frame UV and far-infrared emission point towards an apparently compact galaxy. This is in contrast with the larger [Cii] disk, which has a projected fwhm of 0 ′′ . 68 (4.4 kpc), and which extends on both sides of the dust continuum (Fig. 3) .
We also use the continuum image to search for other sources within the ALMA primary beam, we find no other detections above the 3 σ = 0.5 mJy beam −1 level. We can therefore exclude any moderately bright companions at the redshift of ALESS73.1 within a projected radius of 40 kpc; scaling the star-formation rate (SFR) from the dust continuum flux of ALESS 73.1 (Hodge et al. 2013) , the non-detection implies that any companion should have an SFR of < 75 M ⊙ yr −1 . This indicates that ALESS 73.1 is unlikely to be a component of a mid-stage pre-coalescence merger with a second far-infraredluminous companion, unlike hyper-luminous sources like HAT-LAS J084933.4+021443 (Ivison et al. 2013) or BR 1202−0725 (Wagg et al. 2012; Carniani et al. 2013) . A late stage merger cannot be excluded with our current data. (Fig. 1 ). We note that the dynamical centre coincides with the compact dust continuum source.
[Cii] velocity analysis
Our high SNR ALMA observations spatially resolve the [Cii] emission over 0 ′′ . 6, i.e. spread over ∼ 2×2 synthesised beams (Fig. 3 ). This is a significant improvement with respect to other ALMA and IRAM observations published to date, which have relatively low SNR and/or barely resolved the [Cii] emission within the individual galaxies (Walter et al. 2009; Wagg et al. 2012; Gallerani et al. 2012; Riechers et al. 2013; Willott et al. 2013; Carniani et al. 2013; Rawle et al. 2013; Neri et al. 2014) . We note that several high redshift [Cii] detections did detect nearby companion galaxies or different components of lensed galaxies. Our ALMA data have a peak SNR=5-15 in each of the individual 25 km s −1 channels (Fig. 3) , allowing us to kinematically model the [Cii] emission in this high redshift system, despite the rather limited spatial extent compared to the synthesised beam size (see also Gnerucci et al. 2011) .
The left panel of Fig.4 shows the observed velocity field of ALESS 73.1 obtained by fitting the [Cii] line with a single Gaussian (results do not change significantly by fitting with two Gaussians). The velocity field is dominated by rotation. We fit the velocity field with a dynamical model assuming that the ionised gas is circularly rotating in a thin disk, and that the disk surface mass density distribution is exponential Σ(r)=Σ 0 e −r/r 0 , where r is the distance from the disk centre and r 0 is the scale radius. We neglect all hydrodynamical effects, therefore the disk motion is entirely determined by the gravitational potential. The model also includes the effect of beam smearing (for details, see Gnerucci et al. 2010 Gnerucci et al. , 2011 . The central panel of Fig. 4 shows our best fit (i.e. best-fit model convolved with the beam). The right panel of Fig. 4 shows the residuals of the model, which are very small (less than 10 km/s in absolute value over most of the map). The bulk of the velocity field is very well fitted by our simple rotating disk model, yielding a maximum de-projected 3 velocity v rot = 120±10 km s −1 , oriented at a position angle 40 • ±1
• north through east (Fig. 5 centre) . The effective half-light radius obtained by fitting a Gaussian to our model is 2.4±0.2 kpc; this is consistent with the 4.1 kpc diameter fwhm measured in the integrated [Cii] image (see §3.1), and with the turn-over radius of 2.2 +2.0 −0.3 kpc obtained by modelling the shape of the rotation curve using the multi-parameter fit from Courteau (1997) . Fig. 5 left shows a position velocity diagram extracted from the cube across the major kinematic axis of the galaxy with the model overplotted as contours. This highlights the rotation seen in the system, but also shows that the luminosity weighting of (Fig. 1) ). This non-uniformity suggests that the disk is either gasloaded on one side, or preferentially illuminated on one side; we return to this in §3.4. This flux asymmetry also illustrates the limits of our symmetric disk model. Significantly higher spatial resolution observations are needed to determine a reliable flux distribution within the disk (e.g. de Blok & Walter 2014) . In order to test the stability of our disk model and check if the non-uniform flux distribution in the disk could bias our results, we also modelled the disk with two alternative models. First, we used the KINematic Molecular Simulation (KinMS) routines of Davis et al. (2013) The KinMS routine coupled to the Bayesian Monte Carlo Markov Chain fitter KinMS_fit (Davis et al., in prep.) matches the brightness distribution of each pixel in the simulated and observed datacubes, rather than fitting Gaussians like the fitting code described above. Second, we used a simple arctan model (e.g. Swinbank et al. 2012a) , where the observed emission is fitted assuming its rotation curve uses the form v(r) = 2 π −1 v asym arctan(r/r t ), where v asym is the asymptotic rotational velocity and r t is the effective radius at which the rotation curve turns over. Both the alternative models, which have significantly different flux distributions from the model described above, obtain similar results. This provides confidence that our assumption of a rotating disk is a good (though not necessarily unique) representation of the observed [Cii] velocity field. However, as we barely spatially resolve the flux distribution within the disk, we cannot distinguish which flux distribution is more appropriate. We will therefore quote the full range of uncertainties from all three models in any parameters derived from these models (notably the dynamical mass, see §3.3.1).
To derive the (model-independent) intrinsic velocity dispersion of the disk at each pixel (corrected for the contribution of the velocity gradient across the synthesised beam), we follow Swinbank et al. (2012a) . At each pixel in the velocity dispersion map, we measure the luminosity weighted velocity gradient across the fwhm of the beam at that pixel and subtract this from the velocity dispersion. In Fig. 5 right, we show both the observed and intrinsic one-dimensional velocity dispersion profile we derived, extracted along the major kinematic axis of the galaxy. This shows that the intrinsic velocity dispersion of the disk is σ int = 40 ± 10 km s −1 (Fig. 5 right) . The ratio of rotational-to-dispersion-support v rot / σ int = 3.1 ± 1.0 implying that this is a highly turbulent rotating disk. Such values are a factor of ∼three lower than local disk galaxies observed in CO (e.g. Downes & Solomon 1998) , but comparable to other highredshift disks with similar resolution data from the Hα line (e.g. Cresci et al. 2009; Genzel et al. 2011; Swinbank et al. 2012a ). Carniani et al. (2013) reports a [Cii] v / σ ∼1.5 in both the SMG and quasar in the BRI1202 system, while in a quadruple system observed in CO, Ivison et al. (2013) report v / σ ∼6 in the two brightest systems, and v / σ<1 in the faintest systems. We do warn that the optically thin [Cii] emitting gas is not necessarily tracing the same gas phase as the optically thick low-J CO, so the higher intrinsic dispersion could also be due to the fact that we are observing a wider range of gas components.
3.3. Constraints on dynamical and stellar mass 3.3.1. Dynamical mass
The circularly rotating disk model allows us to constrain the dynamical mass M dyn sin 2 (i) = Rv 2 max /G, where R is the radius at which the maximal velocity v max is measured, and G the gravitational constant. To constrain the inclination, we use a Monte Carlo Markov Chain (MCMC) with 10 5 realisations to investigate the uncertainties on the disk model parameters (e.g. Carniani et al. 2013) . Fig. 6 displays the results of the MCMC in terms M dyn -i confidence contours. The high quality of our data allows us to constrain the inclination i = 53
• ±9. This implies M dyn = 1.4±0.5 × 10 10 M ⊙ within R= 4 kpc. The alternative rotating disk models described in §3.2 derive higher dynamical masses: the best fit KinMS model has a lower i=29
• ±4 and M dyn =3.3 0.7 −0.4 × 10 10 M ⊙ , while the arctan model yields i=50 • ±8, and M dyn =4.1±0.9×10 10 M ⊙ . Given the uncertainties in deriving an accurate flux distribution with our limited spatial resolution, we quote the full range of uncertainties from all three models, and adopt M dyn = 3±2 × 10 10 M ⊙ . This dynamical mass is up to an order of magnitude lower than those previously reported for z∼2 SMGs on the basis of resolved and unresolved 12 CO kinematics for SMGs (Tacconi et al. 2008; Swinbank et al. 2011; Bothwell et al. 2013 ).
Stellar mass and AGN contributions
The X-ray to radio spectral energy distribution (SED) of ALESS73.1 shows evidence of both AGN and stellar emission, with the bolometric AGN contribution constrained to 2-20% Fig. 4 . Contours show our best fit rotating disk model at 1%, 5%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and 95% of the peak flux. (Centre:) Rotation curve extracted along the major axis with our best-fit model overplotted as a dashed line. (Right:) The variation in velocity dispersion as a function of radius in the disk. We estimate a typical V rot /σ int ∼ 3.1 in the disk, showing that it is relatively turbulent. The rise towards the centre in the observed dispersion is an artifact resulting from the limited spatial resolution of the data. The synthesised beam size is shown as a horizontal black bar in the top left corner of the central and right panels. (Coppin et al. 2009; Gilli et al. 2014) . While the AGN dominates the mid-IR and X-ray, the starburst component is dominating in the far-IR. The well-sampled rest-frame UV to near-infrared part of the SED has been claimed to be consistent with a reddened stellar population (e.g. Coppin et al. 2009; Simpson et al. 2014; Gilli et al. 2014; Wiklind et al. 2014 ). However, the SED can be equally well fit by a single power law from the U-band to 24-µm in the observed frame, as expected from a reddened AGN (Coppin et al. 2009; Wardlow et al. 2011; Simpson et al. 2014) . While the relatively weak mid-IR emission implies that the AGN in ALESS73.1 contributes at <20% of the bolometric emission (Coppin et al. 2009; Gilli et al. 2014) , the AGN may still outshine the rest-frame UV/optical emission. Further evidence of such a dominating UV/optical AGN contribution includes: (i) The rest-frame UV spectrum presented by Coppin et al. (2009) which displays narrow Lyα and ∼ 2000 km s −1 wide Nv λ1250Å emission. This spectrum is reminiscent of that of the z = 2.88 radio galaxy 4C 24.28 (Röttgering et al. 1997) , and is quite unlike the spectra of less-active star-forming galaxies (e.g. Shapley et al. 2003) . A similar case to ALESS73.1 is SMM J02399−0136 (Ivison et al. 1998) , where the AGN light outshines the rest-frame UV light from a vigorous starburst (Vernet & Cimatti 2001) . (ii) The unresolved morphology in the CANDELS HST images of ALESS 73.1 (Fig.1) , indicating an upper limit on the size of the UV source of ≤ 2 kpc, which originally led to its identification as a high-redshift AGN by Fontanot et al. (2007) . (iii) The high X-ray luminosity of the source, whose spectrum has been claimed to show a Comptonthick AGN (Gilli et al. 2011) , and which is consistent with the observed Nv emission (Coppin et al. 2009 ).
The stellar mass derived from an SED fit should therefore be considered as a strict upper limit. Assuming a standard light-to-mass ratio used by Simpson et al. (2014) , this implies M * < 7 × 10 10 M ⊙ . As the unresolved HST F160W morphology suggests no significant host galaxy emission in addition to the bright AGN light, the actual stellar mass is most likely several times lower than this strict upper limit. Indeed, our limit on the dynamical mass, together with the gas mass of this system (M H 2 =1.6 ± 0. conversion factor; adopting a higher α CO will decrease the limit on M * . We return to this point in §4.1. Alternatively, if the observed near-IR emission would be dominated by stellar light, the rest-frame H-band magnitude M H =−25.61 implies a light-to-mass ratio of L H / M * 12. This is larger than the maximum light-to-mass ratio for all 77 ALESS SMGs, and 5× larger than the average (Simpson et al. 2014) . We therefore exclude the possibility that the SED is dominated by stellar emission.
Stability of the disk
Not withstanding the variation in brightness within the disk, the regular rotation pattern of the [Cii] indicates that the gas it traces had sufficient time to settle in a bulk motion, despite the fact that the rotation period at the outer edge of the disk (t rot ∼ 200 Myr) is 16% of the age of the Universe at z=4.8. At the same time, our compact and bright dust continuum detection implies that the inner part of this disk is undergoing a violent burst of starformation with a rate of 1000 M ⊙ yr −1 (e.g. Coppin et al. 2009; Gilli et al. 2014; Swinbank et al. 2014) . Such high SFR require a high supply of cold gas. If the [Cii] emitting gas is in a regularly rotating pattern, could it still fuel the central starburst? To answer this question, we now examine if this disk is dynamically stable. Toomre (1964) introduced a stability criterion for thin rotating disks against gravitational fragmentation. For gaseous disks (e.g. Wang & Silk 1994) , this Toomre Q parameter can be expressed as Q(R) = σ(R)κ(R)/πGΣ(R) > 1, where σ is the gas velocity dispersion, κ the epicyclic frequency and Σ the gas mass surface density. All these parameters depend on the radius R from the centre of the rotating disk. If the disk contains both gas and stars which gravitationally interact with each other, the stability criterion becomes Q = (1/Q stars + 1/Q gas ) −1 > 1 (Wang & Silk 1994) . For ALESS 73.1, we cannot determine Q stars , but as argued above, we know that the gas dominates the mass budget. Hence, if Q gas is unstable, the total system will be unstable.
Similar analysis have recently been carried out using spatially resolved (adaptive optics assisted) IFU observations of the Hα emission in z ∼ 1-2 galaxies, which have demonstrated that the lowest Q (most unstable) regions of high-redshift galaxies tend to lie in the outer parts of the disks (e.g. Swinbank et al. 2012a; Genzel et al. 2014) . However, Hα traces the ionised gas in the Hii regions, which is an indirect tracer to measure the properties of the star-forming gas, rather than the cold molecular gas, which is a direct tracer of the fuel for star formation. Although the [Cii] line is tracing multiple gas phases (see §1), it has been argued that this line is a good SFR indicator (e.g. Stacey et al. 1991 Stacey et al. , 2010 De Looze et al. 2011 . Detailed observations of the [Cii] kinematics are very difficult, especially in the local Universe, as the line can only be observed with small single-dish space or airborne telescopes. However, the [Cii], CO, and Hi velocity profiles do in general trace each other rather well, although they can differ in some details (Boreiko & Betz 1991; Mookerjea et al. 2011; Braine et al. 2012) . One example of a more detailed study is the Herschel observations of the bright cluster galaxy NGC4696, where the Hα and [Cii] emission trace each other both morphologically and kinematically (Fig. 6 of Mittal et al. 2011 ). Also at high-redshift, Gullberg et al. (in prep.) found that the CO and [Cii] velocity profiles in a sample of 13 gravitationally lensed submm galaxies are very similar. The most likely alternative if the [Cii] and CO are not tracing the same bulk motion is that the lowest mass component (which in ALESS73.1 is the atomic gas traced by [Cii] , see §4.1) is outflowing compared to the higher mass component. Although the SNR of the CO(2-1) data is low, we do not detect any velocity shift (Fig. 2) , nor do not find a significant outflow component in [Cii] (see §4.2). We therefore assume that the [Cii] emission traces well the kinematics of the underlying star-forming molecular gas component, and derive the spatially resolved Toomre Q in the molecular gas at each pixel within the galaxy. Assuming a flat rotation curve (κ= √ 2V/r), and using the [Cii] luminosity distribution as a proxy to determine Σ, we calculate Q(x, y) = √ 2 σ int (x, y)V(r) / πrGΣ where r is the radius from the dynamical centre of each pixel, and V(r) is the rotational velocity at radius r. Fig. 7 shows the spatially resolved (beam smoothed) Toomre Q distribution, and an azimuthally averaged radial profile in ∼ 1 kpc bins across the galaxy image. At all radii, Q is well below 1, suggesting that the disk is unstable throughout. The average Q over the disk is 0.58±0.15, where the uncertainties include the variation in inclination, weighting of the velocity gradient correction, size of the disk, velocity field, and the removal size of of the central aperture. The increase in Q towards the the inner regions is due to the high torque on the gas making it more difficult to collapse, as often seen in other high-redshift star-forming galaxies (e.g. Genzel et al. 2014 ).
We conclude that the rotation of the [Cii] emitting gas does not prevent it from collapsing and being possible/likely fuel for the violent starburst. Interestingly, the [Cii] emission appears to extend twice as far outwards than the dust continuum emission. This could be due to a radial variation in the fraction of starforming gas traced by [Cii] . Alternatively, this difference could just reflect the mass distribution within the rotating disk, which our data cannot reliably determine. Observations at higher spatial resolution in [Cii], and of more uniform H 2 -tracers such as CO(1-0) or [CI] are needed to obtain a more reliable distribution of the star-forming gas. 
Discussion
A compact, gas rich galaxy with a high star-formation rate
The M dyn = 3±2 × 10 10 M ⊙ ( §3.3.1), is close to the cold gas mass M H 2 = 1.6 ± 0.3 × 10 10 M ⊙ , derived from the 12 CO(2-1) detection reported by Coppin et al. (2010) . Note that this M H 2 was derived assuming a conservative (low) CO-to-H2 conversion factor α CO =0.8 M ⊙ (K km s −1 pc 2 ) −1 , so the actual M H 2 may still be significantly higher. It is therefore clear that ALESS 73.1 is a very gas-rich galaxy. We can also obtain an estimate of the atomic gas mass M a associated with the photodissociation regions using equation 1 from Hailey-Dunsheath et al. (2010) . We also note that this assumes that the fraction of the H 2 molecular gas which not traced by CO is negligible. Such an assumption is appropriate for ALESS73.1 as it has a moderately strong far-UV ionisation field G 0 ∼10 3 (De Breuck et al. 2011 ) and close to solar metallicity (see §4.3). Following De Breuck et al.
(2011), we adopt a C + abundance 1.4×10 −4 , a critical density n crit =2.7×10 3 cm −3 and a PDR surface temperature ∼300 K. Using our more reliable ALMA [Cii] flux (Table 1) , we derive M a ≃ 4.7±0.5 × 10 9 M ⊙ . The combined atomic plus molecular gas mass is therefore ∼ 2.1 × 10 10 M ⊙ , implying a gas fraction f gas =0.4-1.
We can also use the mass budget M H2 <M dyn − M a − M * to constrain α CO . Assuming no significant dark matter contribution and minimising M * , this puts an upper limit α CO <2.3 M ⊙ (K km s −1 pc 2 ) −1 , i.e. < half of the Galactic value, but consistent with the range of α CO values found at high redshift (e.g. Ivison et al. 2011; Bothwell et al. 2013; Bolatto et al. 2013) .
Despite being a relatively low-mass galaxy compared to dynamical masses for SMGs (Tacconi et al. 2008; Bothwell et al. 2013) , or masses estimated from photometric modelling of the SEDs of submillimetre-selected galaxies (e.g. Hainline et al. 2011; Simpson et al. 2014) , our bright and unresolved dust continuum detection (Fig. 1) suggests that the star-formation in ALESS 73.1 is coincident with the position of the AGN host galaxy, and not in a nearby companion, as seen in several other SMGs (e.g. Ivison et al. 2008 Ivison et al. , 2012 Hodge et al. 2013) . Using the Herschel 70-500 µm limits, and three ALMA 872-1305 µm detections, Gilli et al. (2014) obtain L 8−1000 µm = 5.9±0.9× 10 12 L ⊙ . Any contributions to L 8−1000 µm from an AGN are constrained to 2-20% thanks to the sensitive Herschel limits (Coppin et al. 2009; Gilli et al. 2014) . Using al- Fig. 7 . Spatial variation in Toomre Q parameter within the gas disk in ALESS 73.1. The main panel shows the azimuthally integrated Q as marked with dashed lines in the inset. We see that Q declines with radius into the outer, gas-dominated, parts of the galaxy. This behaviour is similar to that inferred for less actively star-forming galaxies at z ∼ 2 from Hα kinematic studies (Genzel et al. 2011; Swinbank et al. 2012a ). However, the entire disk has Q<1, meaning it is unstable throughout. most the same data, but adding also the the 20 cm detection of Miller et al. (2013) , Swinbank et al. (2014) (2014) and Zhao et al. (2013) . Using these, we find SFR=450±70 and 600 +2700 −500 M ⊙ yr −1 , respectively. This suggests the dust continuum derived SFR may be overestimated by a factor of two, but given the uncertain calibration of the [CII] and [NII] derived SFR at high redshift, we will adopt SFR=1000 M ⊙ yr −1 in the remainder of this paper.
Combining this high SFR with the M * < 3.1 × 10 10 M ⊙ limit ( §3.3.3) implies a specific star-formation rate sSFR > 80 Gyr −1 which is significantly higher than the bulk "normal" star-forming galaxies at the same redshift, i.e. almost an order of magnitude above the "main sequence" at the same redshift (e.g. González et al. 2010; Stark et al. 2013) . This galaxy will thus double its stellar mass in ∼12 Myr; we are thus likely observing ALESS73.1 during its first major burst of star formation. Generally, galaxies with sSFR well above the Main Sequence are identified as "starburst galaxies" in which star-formation is thought to occur in a violent mode as a consequence of galaxy merging or strong interactions. Nevertheless, the atomic and ionised gas in ALESS 73.1, as traced by [Cii] , still shows rotationally supported disk kinematics (as seen in less active, normal main sequence galaxies) underlining the rapidity with which gas can reach such configurations, even in the most active systems.
Limits on outflowing gas
The [Cii] profile in Fig. 2 shows no obvious indication of an underlying broad component indicative of an outflow as seen in some other high-z systems mapped in [Cii] . In order to set an upper limit on this outflow, we fitted the ALMA spectrum by forcing an additional broad component with a fwhm > 500 km s −1 . This additional component is not statistically significant and is not required by the fit, but we flux ratio compared with model predictions for different density n and ionisation parameter U (see Nagao et al. 2012) . The green hatched range denotes the observed range for lowredshift galaxies. The pink hatched range shows the observed ALMA ratio for ALESS 73.1 with its uncertainty. The red and blue lines show Cloudy model results as a function of Z gas with log n H[II] = 1.5 and 3.0 respectively, while solid and dashed lines denote the models with log U H[II] −2.5 and −3.5, respectively. We conclude that the metallicity in this gas rich disk is likely to be close to solar.
can use it to set an upper limit of < 1.3 Jy km s −1 on the presence of an outflow. Using the same assumptions as in §4.1, this translates into an upper limit on the atomic gas mass in an outflow of < 9 × 10 8 M ⊙ . Following Cano-Díaz et al. (2012), we approximate the outflow as gas with constant velocity uniformly distributed within a sphere of radius R. As we cannot determine R, we assume R∼ 1 kpc as in massive outflows observed in other galaxies at both high redshift (e.g. Maiolino et al. 2012; Cano-Díaz et al. 2012; Weiß et al. 2012; , and low redshift (e.g. Feruglio et al. 2010 Feruglio et al. , 2013 Sturm et al. 2011; Aalto et al. 2012; Cicone et al. 2012 Cicone et al. , 2014 Veilleux et al. 2013) . We can then constrain the outflow rateṀ = 3 v M outflow /R outflow ) to be 1400 M ⊙ yr −1 . This is a rather loose upper limit, but it does show that any outflow must be comparable or less than the star-formation rate, i.e. even if an outflow is present, it is unlikely to dominate the evolution of the gas reservoir. Figure 8 shows that this implies Z = 0.6-3 Z ⊙ , where the uncertainty in dominated by the models rather than the measurement uncertainties. Our new ALMA [Cii] data therefore strengthens the conclusion of Nagao et al. (2012) that ALESS 73.1 already has gas with a metallicity close to solar, when the age of the Universe was a mere 1.2 Gyr. Such highly enriched gas has been detected before in broad-line regions surrounding AGNs (e.g. Hamann & Ferland 1993) , but our ALMA observations now suggest that the highly enriched material may already be spread out over kpc scales.
Metallicity
An alternative explanation for the relatively large [Nii]/[Cii] ratio is the "truncation" of the PDR. This has been reported by Nakajima et al. (2013) using optical observations of high-z Lymanα emitters. Under the very strong radiation field due to the extreme star-formation, the relative volume ratio of Hii regions and PDRs could change systematically in the sense that the relative PDR contribution becomes smaller for more active star-forming galaxies. This will reduce the [Cii] 
Conclusions
Using ALMA, we have spatially resolved the [Cii] 158 µm emission in the z = 4.7555 SMG ALESS 73.1. The high SNR data cube shows that the [Cii] emitting gas extends twice as far out as the dust continuum and exhibits with clear kinematical signatures of rotation. We demonstrate that these kinematical signatures are well-described by a rotating disk with a disk size ∼ 2.4 kpc and a maximum deprojected rotation velocity of v rot = 120 ± 10 km s −1 . The disk is highly turbulent with a v rot /σ v ∼ 3.1, and a Toomre Q parameter <1 throughout the disk, implying it is unstable. Using this model we constrain the dynamical mass of this galaxy to be 3±2 × 10 10 M ⊙ , which is close to the M(H 2 ) derived from CO(2-1) (Coppin et al. 2010) , and requires α CO <2.3 (K km s −1 pc 2 ) −1 . Combined with the atomic mass M a =4.7±0.5× 10 9 M ⊙ , our dynamical mass constrains the stellar mass to <3.1× 10 10 M ⊙ . Such low stellar mass is remarkable for an isolated galaxy with a SFR=1000 M ⊙ yr −1 , and suggests we are observing its first major burst of star formation. Interestingly, our revised integrated [Nii] 205 µm/[Cii] 158 µm ratio suggest that the gas already has close to solar metallicity. However, one should keep in mind that [Cii] may have significant contributions from non-PDR gas, which may have an impact on the reliability of [Nii]/[Cii] as metallicity tracer and of [Cii] as a tracer of the star-forming gas (De Looze et al. 2011) . Spatially resolved observations of pure H 2 tracers such as the J upper ≤2 CO lines or the [CI] lines (e.g. Papadopoulos et al. 2004 ) would be needed to provide a more reliable determination of both the metallicity and the full extent of the star-forming gas reservoir in ALESS73.1.
The ALMA Cycle 0 observations presented here, while still limited in spatial resolution but not in SNR, illustrate the great potential of ALMA to extend dynamical analysis tools out to the epoch when galaxies had their first major burst of star-formation. Such observations of atomic (or molecular) lines can be the only way to probe the dynamics of even the highest redshift galaxies, which can be obscured or barely resolved at optical/near-IR wavelengths. The final ALMA array will increase its spatial resolution by an order of magnitude, allowing us to regularly probe the scales of star-forming clouds, which have thus far only been seen in studies of strongly lensed galaxies (e.g. Swinbank et al. 2010) .
